Abstract: Information on the forking, leaf area index, and biomass of cassava for different growing seasons could help design appropriate management to improve yield. The objective was to evaluate the forking date, leaf growth, and storage root yield of different cassava genotypes grown at different planting dates. Four cassava genotypes (Kasetsart 50, Rayong 9, Rayong 11, and CMR38-125-77) were evaluated using a randomized complete block design with four replications. The cassava genotypes were planted on 20 April, 25 May, 30 June, 5 October, 10 November, and 15 December 2015, and 19 May and 3 November 2016. The soil properties prior to the planting, forking date, leaf area index (LAI), dry weights, harvest index (HI), starch content, and weather data were recorded. The forking date patterns for all of the growing seasons varied depending on the cassava genotypes. The weather caused occurring in the first forking for the Rayong 11 and CMR38-125-77 and the second forking for Rayong 11, but not for Kasetsart 50. The forking CMR38-125-77 had a higher LAI, leaf dry weight, biomass, and storage root dry weight than the non-forking Rayong 9. The higher storage root yields in Rayong 9 compared with Rayong 11 were due to an increased partitioning of the storage roots.
Introduction
Cassava (Manihot esculenta Crantz) is widely grown in tropical environments. It can be used for human consumption, animal feed, and for bioenergy production [1] . However, the average cassava storage root yield for the Association of Southeast Asian Nations (ASEAN) (21.7 t ha −1 ) is lower than the reported potential level of 80 t ha −1 [1, 2] . This shortfall might be due to a lack of sufficient agro-advisory information about suitable cassava genotypes and appropriate management practices for the different growing seasons. In previous studies, differences in the weather conditions between the cassava planting dates resulted in different responses of cassava in terms of forking or branching [3, 4] .
Branching, known in cassava as "forking", is the axillary bud growth from the apex of the main stem. The inflorescence is formed at the insertion point of the reproductive forking [5] . The forking of cassava affects the canopy development, yield, and dry matter partitioning [4, 6, 7] , and is related to increasing the leaf area index (LAI) values and cassava yield [7] [8] [9] . A high LAI under a non-stress condition increases the crop growth rate and yield [10, 11] . However, the forking of cassava is strongly affected by local weather The forking dates of the four cassava genotypes were determined from ten non-destructive plants in each experimental plot at three-day intervals for all eight of the planting dates. The forking date was recorded when at least 50% of the plants from a ten-plant sample showed forking on the top of the main stem ( Figure 1 ). The subsequent forking levels from the first level were recorded as the second and the third forking dates, respectively. All of the fully expanded leaves without petiole were harvested from six plants of each experimental plot at 90 and 270 DAP. The leaves were then sub-sampled for about 10% of the total leaf fresh weight, and this sub-sample was then used to measure the leaf area using a Agronomy 2019, 9, 19 4 of 15 leaf area meter (LI-Cor 3100, LI-COR Inc., Lincoln, NE, USA). The other six destructive plants in each plot were also sampled at 300 DAP, and the storage roots and remaining crop organs were sampled for about 10% of the total of each organ of fresh weight. All of the plant samples were oven-dried at 80 • C (BF 720, INDER GmbH (Headquarters), Tuttlingen, Germany) until a constant weight to determine the leaf, storage root, and total dry weights. The LAI was calculated as the ratio of the canopy leaf area to the ground area. At 300 DAP, each storage root was cut into small pieces and then put it into the Reimann scale balance equipment in order to obtain the starch content score [18] . The harvest index (HI) values were determined by the proportion of the storage root's dry weight to the total crop dry weight. The daily maximum and minimum temperatures, total solar radiation, and rainfall were recorded by a weather station (WatchDog 2000, Spectrum Technologies Inc., Lincoln, NE, USA) that was installed next to the experimental field, and the data for the daylength for Khon Kaen province were obtained from the Meteorological Department of Thailand. The soil properties are described by Phoncharoen et al. [15] .
The analysis of variance (ANOVA) for each planting date, the combined analysis of variance for all eight of the planting dates, and the mean comparisons using the Least Significant Difference Test were conducted for the forking dates, LAI, and leaf dry weight at 90 and 270 DAP, as well as the total dry weight, storage root dry weight, HI, and starch content at 300 DAP. A stepwise regression analysis was used to examine the relationship between the forking dates and weather data, including the maximum and minimum temperatures, solar radiation, and daylength. All of the statistical analyses were performed using Statistix 10 program [19] and by following the procedure described by Gomez and Gomez [20] .
Results and Discussion

Combined Analysis
The visual observation results from the experimental plots showed that there was no forking in the Rayong 9 genotype for all eight of the planting dates. Therefore, the combined analysis for all of the planting dates for the dates at which 50% of plants showed forking in the main stem was conducted using the observations for the Kasetsart 50, Rayong 11, and CMR38-125-77 genotypes. For the other crop traits, however, a combined analysis was performed, using the crop data of all four of the cassava genotypes. The results from the combined analysis of variance showed that there were highly significant effects (p ≤ 0.01) of the planting date, genotype, and genotype × planting date for all of the crop traits ( Table 2 ). The interaction between the genotype and planting date indicated that there were different responses of the cassava genotypes for the different planting dates. The variations due to the planting date and genotype × planting date for the days until the first forking shared the largest portion of total variation (36.7% and 32.5% for the planting date and genotype × planting date, respectively). Similar results were found for the days until the second forking, with variations of 54.0% and 32.1% for planting date and genotype × planting date, respectively. The planting dates contributed to the largest variations for the total dry weight (39.4%), HI (45.5%), starch content (59.3%), LAI at 90 DAP (88.6%) and at 270 DAP (53.7%), and leaf dry weight at 90 DAP (93.8%) and at 270 DAP (52.6%). For the storage root dry weight, however, the contribution of the planting date was second, with a variation value of 16.5%. The significant shares of the variations for the planting dates indicate that the effects of the planting dates differed in almost all of the crop traits. Therefore, choosing appropriate crop management practices for specific planting dates can increase cassava productivity.
Forking Dates, Leaf Performances, and Final Harvest Data
For each planting date, the individual analysis of variance for the number of days until the first forking was performed using the data from the Kasetsart 50, Rayong 11, and CMR38-125-77 genotypes. The results indicate that there were significant differences among the three forking genotypes in terms of the days until the first forking (p ≤ 0.01) and the second forking (p ≤ 0.05 and p ≤ 0.01) for most of the planting dates, except for the second forking for the 15 December 2015 planting date (Figure 2A This study, therefore, pointed out that our tested genotypes had different forking habits in different planting dates, and the environmental conditions during the growing period could also be the reason for the variation of the forking dates. The forking for Rayong 9 was not detected within 300 days after planting (DAP). The third forking for Kasetsart 50 was not detected within 300 DAP for the April, May, June, October, and November 2015 planting dates. For Rayong 11, the third forking was not detected within 300 DAP for the April, May, October, November, and December 2015 planting dates. CMR38-125-77 did not show the third forking within 300 DAP for the October and December 2015 planting dates.
As the four cassava genotypes for all eight of the different planting dates were planted under irrigated conditions so as to avoid drought stress during the growing seasons, rainfall could not be considered as a limiting factor in this study. The differences in the climatic factors during the growing seasons, such as the temperature, solar radiation, and daylength ( Figure 3A and B) , are the key driving forces for the different cassava performances [4,10,15,21,22,] . The results from the stepwise regression analysis in Table 3 indicate that there were different responses to the climatic conditions in terms of the forking dates of the cassava genotypes. The first forking date for the genotype of Rayong 11 could be explained by a combination of solar radiation, minimum temperature, and daylength with the determination coefficient of 0.81 (p ≤ 0.05). Solar radiation was the single important factor for the variation of the second forking for Rayong 11, with a determination coefficient of 0.50 (p ≤ 0.05). The solar radiation, minimum temperature, and daylength were identified as the factors affecting the first forking of CMR38-125-77, with a determination coefficient of 0.83 (p ≤ 0.05). According to the first forking date for the 30 June 2015 planting date (Figure 2A ), a delay in the forking date for Rayong 11 and CMR38-125-77 seemed to relate to lesser solar radiation (16.6 and 16.1 MJ m −2 day −1 , respectively), lower minimum temperature (23.6 and 22.7 °C, respectively), and shorter daylength (12.1 and 12.0 h, respectively) ( Figure 3) . However, no effect of solar radiation, temperature, and daylength was found on the first forking for Kasetsart 50. Weather seems to affect the second forking for Kasetsart 50 and CMR38-125-77. Previous research indicated that the time until the first branching of the different cassava genotypes grown in Colombia depended on both the crop genetics and on the average temperature; mean temperatures at lower than 24 °C caused a delay in the first branching [7] . A The forking for Rayong 9 was not detected within 300 days after planting (DAP). The third forking for Kasetsart 50 was not detected within 300 DAP for the April, May, June, October, and November 2015 planting dates. For Rayong 11, the third forking was not detected within 300 DAP for the April, May, October, November, and December 2015 planting dates. CMR38-125-77 did not show the third forking within 300 DAP for the October and December 2015 planting dates.
As the four cassava genotypes for all eight of the different planting dates were planted under irrigated conditions so as to avoid drought stress during the growing seasons, rainfall could not be considered as a limiting factor in this study. The differences in the climatic factors during the growing seasons, such as the temperature, solar radiation, and daylength ( Figure 3A,B) , are the key driving forces for the different cassava performances [4, 10, 15, 21, 22] . The results from the stepwise regression analysis in Table 3 indicate that there were different responses to the climatic conditions in terms of the forking dates of the cassava genotypes. The first forking date for the genotype of Rayong 11 could be explained by a combination of solar radiation, minimum temperature, and daylength with the determination coefficient of 0.81 (p ≤ 0.05). Solar radiation was the single important factor for the variation of the second forking for Rayong 11, with a determination coefficient of 0.50 (p ≤ 0.05). The solar radiation, minimum temperature, and daylength were identified as the factors affecting the first forking of CMR38-125-77, with a determination coefficient of 0.83 (p ≤ 0.05). According to the first forking date for the 30 June 2015 planting date (Figure 2A ), a delay in the forking date for Rayong 11 and CMR38-125-77 seemed to relate to lesser solar radiation (16.6 and 16.1 MJ m −2 day −1 , respectively), lower minimum temperature (23.6 and 22.7 • C, respectively), and shorter daylength (12.1 and 12.0 h, respectively) ( Figure 3) . However, no effect of solar radiation, temperature, and daylength was found on the first forking for Kasetsart 50. Weather seems to affect the second forking for Kasetsart 50 and CMR38-125-77. Previous research indicated that the time until the first branching of the different cassava genotypes grown in Colombia depended on both the crop genetics and on the average temperature; mean temperatures at lower than 24 • C caused a delay in the first branching [7] . A report from Keating et al. [4] demonstrated that the time until the first forking of the cassava genotype M Aus 10, grown under the high latitude (27 • 37 S and 153 • 19 E, 45 m above sea level) environment of Southeast Queensland, Australia, was reduced by a longer photoperiod (greater than 13.5 h). Veltkamp [23] reported that the three cassava genotypes (MCol l684, MCol 22, and MPtr 26) planted in Palmira, Colombia, with a constant daylength of 16 h during their growing period, showed their first forking earlier than those experiencing the natural days (lower daylength). Fewer forks are also produced under undesirable growing conditions, such as when experiencing water or nutrient stresses [24] . In this study, however, cassava was grown under satisfactory water, fertilizer, pest, and disease managements. The forking of cassava causes the initiation of inflorescence at the forking point, which is essential for the cassava crossing program [5] , and this also affects the canopy development, growth, and yield of cassava [4, 7] . report from Keating et al. [4] demonstrated that the time until the first forking of the cassava genotype M Aus 10, grown under the high latitude (27°37′ S and 153°19′ E, 45 m above sea level) environment of Southeast Queensland, Australia, was reduced by a longer photoperiod (greater than 13.5 hours). Veltkamp [23] reported that the three cassava genotypes (MCol l684, MCol 22, and MPtr 26) planted in Palmira, Colombia, with a constant daylength of 16 h during their growing period, showed their first forking earlier than those experiencing the natural days (lower daylength). Fewer forks are also produced under undesirable growing conditions, such as when experiencing water or nutrient stresses [24] . In this study, however, cassava was grown under satisfactory water, fertilizer, pest, and disease managements. The forking of cassava causes the initiation of inflorescence at the forking point, which is essential for the cassava crossing program [5] , and this also affects the canopy development, growth, and yield of cassava [4, 7] . 1.1 ± 0.18 2.0 ± 0.27 c 0.5 ± 0.08 0.9 ± 0.22 c Rayong 11
1.2 ± 0.21 4.6 ± 0.09 a 0.6 ± 0.09 1.5 ± 0.10 a CMR38-125-77
1.2 ± 0.12 3.4 ± 0.91 b 0.6 ± 0.08 1.0 ± 0.09 bc F ns ** ns ** SD = standard deviation; F = F-distribution; * and ** = statistical significance on p ≤ 0.05 and p ≤ 0.01, respectively; ns = non-significance in statistics. Values followed by the same letter (in each planting date) are not significantly different from the Least Significant Difference Test.
The forking CMR38-125-77 genotype also had higher total dry weights at 300 DAP or at final harvest than the non-forking Rayong 9 genotype (Table 5 ). There were significant differences for the total dry weight among the four cassava genotypes (p ≤ Table 5 ). The variation of the forking dates for each genotype in the different planting dates (Figure 2A-C) , however, was not clearly associate with a change in storage root yield at 300 DAP (Table 5) , and this may involve a small variation between the planting dates with respect to the forking and final yield of each cassava genotype used in this study. Table 5 . Total crop dry weight, storage root dry weight, harvest index (HI), and starch content at 300 days after planting (DAP) of four cassava genotypes grown at different planting dates.
Planting Date Genotype
Total Crop Dry Weight ± SD (t ha The results indicated that each of the four cassava genotypes was suitable for a specific planting date, and that selecting the appropriate genotype and planting date would result in increased cassava productivity. The genotype CMR38-125-77 showed forking at the first, second, and third levels (Figure 2A-C) , and had higher values of LAI and a leaf dry weight at 90 and 270 DAP, as well as storage root and total dry weights for most planting dates, except for 20 April 2015 and 19 May 2016 (Tables 4 and 5 ). A positive relationship between the LAI and cassava biomass has previously been reported [21, [25] [26] [27] [28] , and a LAI of 2.5-3.5 is optimum for the light interception and utilization of cassava, which allows for a balance between the top and storage root growth for maximum yield [29] . The performances of the Kasetsart 50, Rayong 9, Rayong 11, and CMR38-125-77 genotypes for a crop duration of 180 DAP have been evaluated under different upper paddy fields during the off-season of rice in Thailand, and CMR38-125-77 was found to be outstanding when compared with the other three cassava genotypes for the total biomass and storage root yield recorded [22, 30] . A report by Phoncharoen et al. [15] on the performances of these four cassava genotypes for the six different plating dates at Khon Kaen University, Thailand, showed that CMR38-125-77 is likely to be a good genotype with respect to the total crop and storage root dry weights at 360 DAP, for almost all of growing dates. This indicates the potential of CMR38-125-77 as an alternative genotype for cassava production in Thailand, and it could be useful as a new parental source for further cassava breeding.
There were significant differences (p ≤ 0.05 and p ≤ 0.01) among the four cassava genotypes in HI, and the Rayong 9 genotype had the highest values for almost all of the planting dates ( Table 5 ). The value of HI indicates that the total photosynthate amount from the leaves (sources) has been diverted to the storage roots (sinks) [31] . Significant differences (p ≤ 0.05 and p ≤ 0.01) among the four cassava genotypes in the starch content were recorded for the planting dates of 20 April, 25 May, and 30 June in 2015, and 3 November 2016 (Table 5) . A non-forking Rayong 9 genotype showed a high value of starch content for the 20 April, 25 May, and 30 June 2015 planting dates. Although Rayong 9 did not show forking and had lower values of LAI, as well as a leaf dry weight at 90 and 270 DAP compared with the other three forking genotypes (Table 4) , the higher HI values for Rayong 9 (Table 5) indicate that this genotype had a higher capability of partitioning photosynthates to sink. A previous study on the performances of Kasetsart 50, Rayong 9, and Rayong 11 grown under three different nitrogen rates in Ban Kham Pom (16 • 08 50.8" N, 102 • 46 34.9" E, 199.4 m above sea level, during 2015/2016) Khon Kaen province, Thailand, also indicated that Rayong 9 had a lower LAI with a higher HI when compared to the other two forking genotypes [22] . Kawano [32] reported that the increased partitioning of photosynthetic assimilates to storage root is also one of the fundamental traits for promoting the cassava yield. Whereas Tan and Cock [6] suggested that it is necessary to obtain a balance between the roots and shoot growth in order to increase the cassava yield. Phoncharoen et al. [15] pointed out that the Rayong 9 genotype grown under the six different planting dates at Khon Kaen University, Thailand, preformed well in terms of both HI and starch content at 360 DAP, when compared with the other three forking genotypes. Therefore, the Rayong 9 genotype provides an alternative genetic resource for a further breeding program, to increase both the photosynthate partitioning to storage root and starch content. Although the absence of forking for Rayong 9 during a crop duration of 300 DAP resulted in no inflorescence formation, which hinders the cassava crossing program, growing this genotype under controlled conditions, such as at a lower temperature and using suitable fertilizer management, can help induce forking and flowering, and make it useful as a good genetic resource. In general, cassava has a genetic background as a heterozygous clone [33] . Both the forking and non-forking progenies could possibly appear in the early generation for a crossing between the forking and non-forking genotypes. The new cassava progenies with appropriate leaf growth, possessing a high partitioning to storage root, and being outstanding in starch content, are the preferable genotypes for breeding to improve both the storage root and starch yields. In addition, in order to increase the land use efficiency with these desirable progenies, cultivation through wider plant spacing would be more advisable for the forking genotypes than the non-forking genotypes.
Our results also revealed that Rayong 11 was a forking genotype with higher values of LAI and a leaf dry weight at 270 DAP, but lower values of the total dry weight (for the 15 December 2015 planting date) and storage root dry weights (for the 20 April, 5 October, 10 November, and 15 December 2015 planting dates), as well as HI compared to a non-forking genotype (Rayong 9) (Tables 4  and 5 ), indicating a lower leaf photosynthesis efficiency of Rayong 11, and lesser partitioning from the sources to the storage organs [25, 28, 31] . Therefore, the storage root yield of Rayong 11 could be improved through management practices, such as using wider spacing than that used in this experiment, which would optimize light interception and enhance the suitable proportion between the top and storage root for maximum yield. To better understand the physiological basis of cassava growth, further investigations are needed into other crop traits, such as leaf and canopy growth, light transmission, light use efficiency, photosynthesis, biomass accumulations, and so on, for the different cassava branching types planted at different planting dates and the relationship of these traits to storage root yield.
Conclusions
Weather conditions affected the first and the second forking of Rayong 11 and the first forking of CMR38-125-77, but not the first forking of Kasetsart 50. Solar radiation, minimum temperature, and daylength were the factors that contributed significantly to the variations of the first forking dates for Rayong 11 and CMR38-125-77, and solar radiation was a single largest factor for the second forking dates for Rayong 11. Lesser solar radiation (16.4 MJ m −2 day −1 ), lower minimum temperature (23.2 • C), and shorter daylength (12.1 h) for the 30 June 2015 planting date delayed the first forking date for the Rayong 11 and CMR38-125-77 genotypes. The forking type genotypes produced more LAI and a leaf dry weight at 90 and 270 DAP, but only CMR38-125-77 had a higher total dry weight at 300 DAP than the non-forking type genotype. Increases in the yield could be achieved in different ways, depending on the genetic predisposition to forking. CMR38-125-77 was a desirable genotype for the storage root yield for almost all of the planting dates, except for 20 April 2015 and 19 May 2016. For Rayong 11 with a highly forked genotype, wider spacing is an alternative management strategy in order to improve productivity. Furthermore, a non-forking Rayong 9 genotype is good as a parental source for high partitioning to storage root and starch content.
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